The prevalence of both childhood asthma and obesity remain at historically high levels and disproportionately affect urban children. Asthma is a common and costly cause for pediatric hospitalization. Our objective was to determine the effect of obesity on outcomes among urban children hospitalized with status asthmaticus.
The prevalence of childhood asthma and obesity in the United States have more than doubled since 1980 and remain at historically high levels. [1] [2] [3] Asthma affects .7 million children nationally and is the third most common cause for pediatric hospitalizations with .$9 billion in direct medical costs. 1, 4, 5 Pediatric obesity contributes an additional $14.1 billion to health care costs. 6 These epidemics disproportionately affect minority children with lower socioeconomic status, many of whom live in urban communities. 1, 5, 7 For example, the majority of children admitted for asthma reside in urban areas and mean hospital charges are highest for this group. 5 Children with asthma from urban environments exhibit increased obesity prevalence rates, and obesity has been associated with abnormal lung function, increased asthma symptoms and poor asthma control. [8] [9] [10] [11] Although asthma is a common and costly cause for pediatric hospitalization, the impact of obesity on admissions for status asthmaticus in urban children is not completely understood. Retrospective studies using large administrative databases have found obesity was associated with longer length of stay (LOS) and hospital charges in children admitted with asthma. 12, 13 Although a smaller study assessing health care costs for multiple diagnoses in obese children from urban communities found obesity was associated with increased costs for asthma admissions, another assessing for hospitalization outcomes found that obesity was not associated with measures of resource utilization. 14, 15 We used chart review and direct calculation of BMI percentile rather than diagnostic obesity codes to more accurately assess a range of hospitalization outcomes (LOS, charges, ICU stay, repeat admissions, and subsequent ED visits). This method was chosen to avoid misclassification of obesity status that may occur with administrative data and because it allowed us to control for variables not captured by administrative data that can affect admission outcomes (such as asthma severity and comorbidities). 16 Similar to other urban communities, children in Washington, DC are disproportionately affected by asthma and obesity. DC ranks third nationally in childhood obesity with 1 of the highest asthma prevalence rates in the country. 1, [17] [18] [19] To better describe the relationship between obesity and outcomes of status asthmaticus admissions, we focused on children from DC admitted to a children' s hospital for status asthmaticus. We hypothesize that obesity is associated with worse outcomes in urban children admitted for asthma. An increased understanding of the impact of obesity on asthma admission outcomes in urban children is important because identification of at risk children that exhibit high health care utilization can direct targeted interventions that decrease costs and morbidity. Urban children frequently have barriers that limit access to primary care, and thus results are relevant to providers in a variety of settings because each point of contact with the health care system presents a unique opportunity to initiate interventions.
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METHODS
This is a retrospective cohort study performed at an urban tertiary children' s hospital. Children aged 2 to 18 years discharged between July 1, 2011, and June 30, 2012, with a primary diagnosis of asthma, including asthma exacerbation and status asthmaticus (International Classification of Diseases, Ninth Revision, codes 493.0-493.92), were identified from hospital databases for inclusion. Only children from DC (∼50% of all children admitted with asthma) were included to (1) assess the urban population and (2) reliably track ED visits and repeat admissions (children from outside DC zip codes do not regularly frequent our ED, which could lead to inconsistent data capture). Like similar studies, children with diagnoses related to cardiologic, immunologic, and rheumatologic disorders were excluded because these comorbid conditions may affect medical management, length of stay, and other primary outcomes. were used to collect data. A range of end points including demographics, reported comorbidities, asthma severity, and admission outcomes were identified. Overweight status was characterized according to BMI percentile (lean ,85th, overweight 85th-95th, obese $95th) calculated based on admission age, documented height and weight, and gender using a metric BMI percentile calculator. Comorbid conditions were obtained through chart review and were based on patientreported history of prematurity, allergic rhinitis, eczema, atopy (defined as having a documented history of atopy, immunoglobulin E .150, peripheral eosinophilia .4%, or positive skin testing), obstructive sleep apnea (OSA), gastroesophageal reflux (GER), and environmental tobacco smoke (ETS) exposure. Asthma classification was made based on discharge medications using National Asthma Education and Prevention Program asthma guidelines. 24 Intermittent asthma was defined as not being prescribed any controller medicine, and mild persistent asthma was defined as being prescribed up to 176 mg of fluticasone daily or montelukast daily. Any dosing higher than this, or if montelukast was used in conjunction with a daily inhaled steroid, was classified as moderate/persistent asthma. Severity classification based on medication equivalents for alternative inhaled steroids was established using previous pediatric asthma studies. 25 Institutional review board approval was obtained.
Overweight/obese children were compared with lean children to assess for differences in primary outcomes. These included LOS, charges, subsequent ED visits (in the year after each index admission), repeat admissions (in the year after each index admission), and ICU stay. Bivariate analysis between these 2 groups was first performed to evaluate for differences in factors that have been previously identified as affecting primary outcomes in asthma hospitalizations, which included gender, obesity status, ethnicity, age, asthma severity, and specific comorbidities (prematurity, allergic rhinitis, eczema, atopy, OSA, GER, and ETS exposure). 9, 12, 14, 20, 26 The same factors were then evaluated in a bivariate analysis to assess for associations with the primary outcomes. On the basis of these results, a multivariate regression was performed to evaluate for associations between overweight status and primary outcomes using a model controlling for significant cofactors identified in the second bivariate analysis (age, gender, ethnicity, asthma severity, and comorbidities -, Logistic regression analysis was performed evaluating for differences among all listed ethnic groups; P value reflects there was no significant difference across all groups using a logistic regression analysis; BMI percentile: lean, ,85th; overweight, 85th-95th; obese, .95th. a Significant P value.
performed by using SPSS (v22.0, SPSS Inc., Chicago, IL).
RESULTS
Data were collected from 333 children who met inclusion criteria and had data available to calculate BMI percentile. Overall, 86% was black, 1% was white, and 11% was Hispanic. The median age was 5. Within the entire cohort, 62% were lean (n 5 206), 11% were overweight (n 5 37), and 27% were obese (n 5 90) obese. Bivariate analysis of overweight/obese children compared with lean children within the entire cohort demonstrated statistically significant differences for ethnicity, age, asthma severity, OSA, and GER (Table 1) .
Bivariate analysis identified several clinical variables that were significantly associated with primary outcomes (Table 2) . Asthma severity and atopy were associated with LOS .2 days. Only 14 patients were identified to have required a PICU stay, which was noted to be associated with gestational age ,32 weeks. Asthma severity, OSA, and GER were noted to have significant differences in charges. Eczema and ETS exposure were found to be associated with repeat admissions. Finally, asthma severity and eczema were associated with subsequent ED visits. There were no bivariate associations between overweight status and any of the primary outcomes.
Finally, regression analysis (adjusted for age, gender, ethnicity, comorbidities, and asthma severity) of the entire cohort showed overweight/obese status was associated with subsequent ED visits (odds ratio 1.6, 95% confidence interval 1.0-2.6). In a post hoc multivariate regression analysis where subjects were divided into specific age categories, preschool-age children (,5 years) were 2.3 times more likely to have a subsequent ED visit than lean peers (Table 3) .
DISCUSSION
Overall, our study suggests that overweight status was associated with subsequent ED visits in urban children admitted for asthma. When children were further stratified by age, overweight preschool children were more likely than lean counterparts to have subsequent ED visits. There was no association between overweight status and the other assessed hospitalization outcomes.
Our findings of an association between overweight status and increased ED visits may be explained by increased airway obstruction at higher BMI percentiles. 10, 28, 29 Others hypothesize that chronic inflammation and oxidative stress in obesity may be the link between asthma and obesity. 11, 30 Abnormal lung function may be further complicated by a decreased response to both corticosteroids and bronchodilators in overweight children. 31, 32 Our study strengthens similar findings of poor control in obese patients with asthma in other studies [33] [34] [35] because it assesses a wider age range, uses chart review, and controls for asthma severity.
However, like , our results appear to contradict studies using administrative data [12] [13] [14] and found that other primary outcomes (LOS, charges, ICU stay, and repeat admissions) were not associated with overweight status. Our results may be more reliable because we calculated BMI percentile rather than using administrative data, which has been shown to be inaccurate in identifying obese patients. 36, 37 In our study, billing data captured only 4% of children as obese and none as overweight. It is also possible that associations between obesity and poor asthma hospitalization outcomes identified by previous studies were confounded by asthma severity, which was controlled for in our study. Of note, children in our cohort who were overweight/obese had more severe asthma, and those with more severe asthma had worse admission outcomes (results not shown). Other studies have also found that obesity does not affect asthma severity. 38, 39 An association between obesity and subsequent ED visits but not LOS, charges, or ICU admissions, may indicate a different effect of obesity on asthma control and asthma severity.
The association between obesity and asthma may also be stronger in specific groups. Some research suggests that age and puberty are implicated in the relationship between asthma and obesity. Therefore, the cohort was stratified into age categories. We found that overweight/obese preschool-age children were more than twice as likely as lean preschool-age children to have multiple ED visits, which is supported by other studies demonstrating an increased influence of obesity on asthma at younger ages. [40] [41] [42] Asthma and obesity affect many children, especially those in urban environments. 5 Although asthma is a common and costly cause for pediatric hospitalization, additional research to clarify the impact of obesity on asthma admission outcomes may help drive asthma prevention and treatment. 4 In addition to adversely affecting lung function and creating a condition of chronic inflammation, obesity is associated with several comorbidities, such as GER and OSA, which can worsen asthma. 30, [43] [44] [45] [46] [47] Urban environments further complicate the picture because they increase exposure to pollutants and allergens, which may contribute to asthma, but also increase exposure to risk factors for obesity such as availability of fast food and fewer parks. [48] [49] [50] Because obesity appears to be associated with increased risk of ED visits in urban children admitted with asthma, it is possible that interventions to decrease obesity can improve asthma outcomes. Combining our results with other studies demonstrating improvement in asthma measurements with weight loss may further support obesity management in overweight children with asthma, especially at younger ages. [51] [52] [53] In addition to outpatient weight loss programs, our study may support interventions (such as nutrition consultations or identification/treatment of obesity comorbidities) during hospitalization, an important capture point in patients with poor primary care follow-up. 54, 55 Our study has several limitations. This was a retrospective study with a small sample size. The use of discharge medication as a surrogate to determine asthma severity, rather than objective lung function measurements, may have led to inaccurate classification. As previously mentioned, comorbidities were likely underreported. Using LOS as an outcome may minimize differences because systems delays can falsely prolong LOS in all groups, decreasing observable differences. Because 75% of stays were #2 days, it may have been difficult to observe differences between groups. We addressed this issue by evaluating the likelihood of staying .2 days, which was the upper quartile for LOS, and by using other end points as outcome measures. Obese and overweight children were compared with all children with a BMI ,85%, which includes underweight children with a BMI ,5%. Because some studies show poor asthma outcomes in underweight children, it is possible that differences may have been more pronounced if underweight children were excluded. 10 Finally, we were only able to track readmissions and repeat ED visits at our hospital, and we therefore may have missed visits to other facilities.
CONCLUSIONS
In a group of urban children admitted with asthma, overweight status was associated with subsequent ED visits but not other outcomes (LOS, charges, ICU stay, and repeat admissions). In future studies evaluating the impact of obesity on pediatric asthma, we hope to evaluate a larger population, use other methods of characterizing asthma exacerbations, and improve our assessment of variables that affect asthma outcomes. Our findings may support interventions to address obesity in this population.
